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(54) Embossable thermoplastic polyester film and method for producing the film 



(57) A directly embossable, coated polyethylene- 
terephthalate film including a dry, uniaxially oriented 
PET film, and a coating applied to the PET film, wherein 
the coating and the PET film have as a composite been 
transversely stretched, the coating resin being capable 



of impregnating the PET surface on drawing, rendering 
the film surface susceptible to embossing under pres- 
sure and the coating having low heat sealability and a 
method of producing a coated, directly embossable poi- 
yethyleneterephthalate film. 
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D script! n 
Related Applicati ns 



, (0001] This is a continuation-in-part of U.S. Patent AppHcator |Na <M March 1. 2002. which Cairns 
She benefit of U.S. Provisional Application No. 60/348,422, filed October 24. 2001 . 

Field of the Invention 

» [0002] Thisinventionrelatestoacoatedfi^^ 
the film. 

Background 

cases impossible. 
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Description of the Prior Art 

[00071 US 4913858 describes the requirements of an offline coating for holographic embossing use. 
[0008] US 3758649 describes embossing directly into a thermoplastic sheet. 
45 [0009] Other known publications include: 

Creating Interference Colons on Theflnoplaslic Films Without Colorants. Trudy Btyson, Cobum Copcratiorf. 1982 

so Optical Embossing, James River Products. 

Summar y of the Invention 

■ S5SSSE5SS3S3-3 
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(PET) film including stretching a PET film to form a uniaxially ori nted PET film, drying the uniaxially oriented PET film, 
coating at I ast one surface of th uniaxially oriented PET film with an aqueous solution of an organic material, and 
rendering at (east one surfac of a r suiting coated uniaxially oriented PET film susceptibl to direct embossing by 
impregnation of th surface of the uniaxially oriented PET film with at least a portion of the coating by transverse 
5 stretching the coated uniaxially oriented PET film to produce a biaxially oriented and embossable polyester film. 

Brief Description of the Drawing 

[001 2] The drawing schematically shows one example of apparatus suitable for use in producing films in accordance 
10 with aspects of the invention. 

Detailed Description 

[0013] We discovered a method to render the PET embossable via the incorporation of a unique surface coating. 

15 This coating can be applied to PET film during the film making process and renders the PET film, itself, embossable 
by impregnating the PET and softening the upper layer of the film structure. The composite structure is then embossable 
without the need for a secondary coating step. Furthermore, this material maintains its embossability without acting 
as an easy heat-sealable material. Such properties are advantageous for low cost production of holographic images. 
[0014J We also discovered that embossability of an inline coated polyester film is enhanced by utilizing a smooth 

20 surface material and/or optionally a co-extruded co-polyester surface layer as the coating surface. Such a base sheet 
polyester can be prepared with equipment and materials welt known in the art. Through the combination of a co- 
extruded film structure and utilizing the inline embossable film coating, an embossable thermoplastic sheet has been 
discovered with enhanced image properties, namely reduced granularity or graininess of the embossed image. 
[001 5] Turning now to the Drawing , a preferred method for producing a film in accordance with aspects of the invention 

25 will be described. 

[001 6] The polyester base sheet can be prepared via the utilization of a co-extrusion, casting and sequential stretch- 
ing apparatus. An extruder 2 can be used to produce the bulk of the polyester sheet, sometimes referred to as the core 
layer. Onto the surface of the core layer another layer may be deposited through the use of a secondary extruder 1. 
These extruders preferably feed a melt pump system 3 and 4 to keep the output of the layers constant and not sub- 
30 stantially influenced by viscosity changes of the molten polymer. Also, preferably, before laminating the melt streams, 
the molten polymer is filtered through fritted filter steel 5. Each molten polymer stream is separated through this part 
of the process. 

[0017] After filtering, the molten polymer streams are laminated together to form a continuous stream of molten 
polymer in a feedblock assembly and die 6. The, now, two layer molten polymer is quenched onto a cooled rotating 

35 steel drum 7, often referred to as a casting drum or cooling drum to produce a solid amorphous sheet. This sheet is 
then oriented in the forward, or machine direction, through a set of heated rollers or stenter 8. After stretching in the 
forward direction, the film surface can, if desired, be treated on either or both surfaces via the use of corona treaters 
9. In the case of inline coating the film, the PET film is preferable treated to enhance adhesion of coatings to the PET 
substrate(s) comprising the PET film. 

40 [0018] Many methods to surface coat the uniaxially oriented polyester film exist. Such methods such as roll coating, 
gravure coating, air knife coating and rod coating, among others are well known to those skilled in the art. Preferable 
methods include gravure and rod coating. In the case of rod coating, thickness variations of the coating are readily 
achieved through simple and low cost change out of the coating rods. Furthermore, if two side coating of the film is 
desired, for instance to produce a one side embossable and one side print adhesion coated polyester film, a two side 

45 rod coater is preferred due to the relative simplicity of operation. As shown in the drawing, either the non-drum surface 
can be coated at station 10 or the drum side surface can be coated at coater station 11 depending on the orientation 
of the co-extruded surface on the casting drum 7. 

[001 9] After coating the co-extruded film in coater station 1 1 , the film is dried in the stenter before stretching in section 
1 2. The previously uniaxially oriented and coated film is drawn in the side ways, or transverse or cross machine direction 
50 in section 1 3 to produce a biaxially oriented, coated film. The film is then inspected for defects at station 14 after biaxially 
orientation and wound into large spools or rolls at 15. 

[0020] As set forth above, during the film making process, a uniaxially oriented PET film can be coated. This coating 
is then dried and stretched in the transverse direction. We determined that certain coatings impregnate the upper 
surface of the polyester film during the transverse stretching operation. This renders the upper polyester surface mod- 
55 jfied. We determined certain coatings that render the upper surface of the polyester film pliable, but not heat sealable, 
such that this modification to the polyester film renders the composite film structure capable of being embossed under 
heat and pr ssure. This makes th composit PET film processable for holographic film us without th need for a 
secondary coating step. 
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[00211 Furthermore, we discovered that the pliability of the upper surface of the PET film can be modified to further 
Es iheTmaTeappearance fa hologram. Co-extrusion f a co-po.yester or smooth surface mat na.resu.te, nan 

Sease^ 

Lnd forms at I ast two layers. Also, th PET bas film can advantageously contain parficles such as thos selected 
5 torn ^roup SnSng of silica. Alumina, calcium carbonat and mixtures thereof, as well as others. Such parficles 
2 TpIeS p^enKe amount of about 0.005 wt% to about 0.6 wt%. based on the weight of the PET film. 
rao221 The PET film preferably has a thickness of about 4.5 <Dm to about 60 <Dm. 

5 The PET base film is preferably stretched in an amount of about 3.4 to about 5.4 times and the coated PET 
Eacom^ 

10 [00241 As noted above, the coating material is most preferably selected from the group cons.st.ng of non-crosshnked 
KJ12S > emulsions and a non-crosslinked polyester dispersion, although other coatings may be used. The 
coatino most preferably has a thickness of about 0.1 <Dm to about 0.4 Om. 
rooSl The Sx^ded layers preferably compriseapo^ 

Eta forme^omLphthaHc acid or a derivative of cydohexanedimethanol. as well as omer components T^ 
poljesteryer preferably has a thickness between about 0. 1 *m and 3.0 On, Also, the co-polyester layer preferab.y 
has a surface which contacts the coating and has a roughness Ra of less than about 40 nm. 
[00261 The embossing evaluation of the coated films were done as follows: 

S A 12 ton Carver hydraulic hot press model # 3912 with 6X6 inch heated platens was used to evaluate the 
mbiing capabilities of the coated film material. A 4X4 inch nickel embossing sh.m r^^^£ 
sample. Both platens were heated to 220F. The film sample and sh.m were pressed toge ther for ^ sec ° n fj 
Si The sample was removed and placed on a bench top to cool. The film was then slowly peeled off the shim at a 45 
SUSSEX was then placed on a black background to enhance the visibility of the embossed image 
and rated as follows: Excellent = Bright colors viewed from many angles with no unembossed areas. 
Good = Colors not as robust from different angles. 
25 Fair = Colors not as bright. 

S't: ^SSSSZZi* hereinafter with reference to examples which are intended as being 
illustrative of the invention and in no way are to be construed as limitmg .n any way. 
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30 Examples: 

Smooth Base Film Preparation For Examples 1-3 



35 [3 K&t^SS— 

terephthalic acid was heated, in the presence of a esterification catalyst, and water and excess ejytemr J^ere 
emoved under vacuum leaving a residual melt of polyester. This melt was discharged v,a strand die mto a coohng 
LoZpelet^ 

wt% magnesium acetate of0.060wt%. antimony trioxide of 0.026 wt%. and Tetraethylammoniumhydrox.de of 0.252 
40 wt %' were also used to prepare polyester A. External particles were not added to polyester A. 

terephthalic acid was heated, in the presence of a esterification catalyst, and water and excess ethylene glycol were 
£££^«^n*HI a residua, melt of polyester. This melt was discharged via strand die ,nto a. =oohng 
fro™h. palletized, and then further dried to remove residual moisture to less than 50ppm. bth.um acetate. .hydrate of 
r226%^Trimeth;iphosphate of 0.181 wt %. phosphorous acid of 0.020 wt %. antimony tnox.de of 0.04 wt %. and 
rairinm acetate of 0 119 wt %. were used to prepare a polyester B. . » 

ST Partides (A) being Sib 2 particles of an average particle size 2.6um were ^J^SSSS^ 
thalate polymerized by a known method: A melt slurry of ethylenegylcol and punfied terephthalic acid was heated in 
the presencrof a esterification catalyst, and water and excess ethylene glycol were removed under vacuum leaving 
TJSZ Tei?o?£KS. This meJwas discharged via strand die into a cooling trough, peptized, and then further 
drted to !Z IS moisture to less than 50 PP m. Tetraethyl ammonium hydroxide of 0.049 wt %. Lithium acetate 
Sony trioxide of 0.039 wt %. and calcium acetate of 0.090 wt %. and ^f%.p^phate 
o 0 042 wt % were also used to prepare polyester C. The content of particles (A) in the polyester pellet (C I was 2 _0 £ 
[0033] Next.Ts.5 parts by weight of pellets (A). 48.5 parts by weight of pellets (B). and 3 0 parts by "JJ^JjJJ? 
C) were mixed. The mixed pellets were extruded using a vent type two-screw extruder to produce ^«™<°; 
Next. 48.5 parts by weight of pellets (A). 48.5 parts by weight of pellets (B). and 3.0 parts by 
mixed. Up to 55% recycle consisting of finished film can r place qual parts of polymer A and M P 0, y m ^^ e .™ w f s 
pellets were dried under vacuum at 150EC for 3 hours and extruded to oroduc melt stream (II). Melt stream (I) was 
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a brightly embossed PET film material. 
Description of Graininess 

embossing by the gloss level to better quantify graininess and, hence, the embossing quality. 

Equipment 

[0037] 

BYK Chemie glossmeter 
Film holder 

Procedure 



[0038] 
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a rainbow shim pattern (a standard well-known embossing pattern in the industry) was used to emboss an image 

i^ampTe was aluminum metalized in a bell jar metallizer. or if the sample was made at wide web. in a ro.l to roll 
metalizer. 

the embossed and metallized sample was pulled taut in a film holder, 
an 85° angle of illumination was used. 

3 readings were taken in the films transverse direction and averaged. 



[0039] The gloss readings were then compared with a subjective visual rating of the embossing. 
40 Examples: 
Example 1 
[0040] 



Coating solution #1 



Styrene acrylic emulsion (1) 
Acetylenic Surfactant (2) 
Propylene glycol phenyl ether(3) 
Deionized Water 



49.0 Parts 
0.01 parts 
1.2 Parts 
49.0 Parts 



Setalux 37-3372 sold by Akzo Nobel 
Surfynol 440 sold by Air Products 
Dowanol PPH, Dow Chemical Inc. 



[0041] Coating solution #1 was coated onto uniaxially oriented PET utilizing a #4 wire wound bar. This coating was 
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Example 2 

[0042] The base film as described above was 
stretching operations: 
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coated with the following surface layer between the first and second 



Coating solution #2 



Sulphopolyester dispersion (4) 
Sulphopolyester dispersion (5) 
Acetylenic surfactant (2) 
Deionized Water 



20 Parts above 
40 parts 
0.01 Parts 
40 Parts 



Eastek 1200-10 sold by Lawter International 
Eastek 1000 sold by Lawter International 



received under the test conditions. 



Example 3 

[0044] The base film as described was coated with the following surface layer between 
operations: 



the first and second stretching 





Coating solution #3 


30 


Styrene acrylic emulsion (1) 


50.0 Parts 




Acetylenic Surfactant (2) 


0.01 parts 




Deionized Water 


50.0 Parts 



was received under the test conditions. 
40 Comparative Example 1 
[0046] 





Coating solution #4 


45 


Styrene-acrylic emulsion (1) 


6 Parts 




Fluorosurfactant (6) 


0.01 Parts 




Deionized Water 


94 Parts 



50 
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Zoynl FSO sold by Dupont 

[0047] Coating solution #4 was coated onto uniaxiai.y oriented PET utilizing a « J^SSS 
received under the test conditions. However, the image suffered from graininess. 
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C -extruded Co-p lyester Base Layer For Examples 4-5: 

[00481 An amorphous co-extruded surface layer for the polyester thermoplastic film .was prepar d as follows: 
S3 An fsophtolic acid co-terephtaha.ic acid random co-polyester co-polym r w,th an 
ratio of about 18% isophthalic acid 82% t rephthalic, commercial ava.lable from Dupont as Selar 8306, was co ex 
^donabasesheetofpolyethyleneterephthalate. The base sheet of polyemyleneterephthlate can be prepared as 
h ^rihtn a ho!e for the core laver Alternatively, a co-polyester consisting of a random co-polymer of cyclohexane 

amorphous layer. The thickness of the amorphous layer was vaned. 

S After the forward draw of the A/B cc-extruded film the amorphous co-polyester surface was coated as de- 
Sd below. The coated film was then dried and transversely stretched to produce the final film structure. 



Example 4 
15 [0051] 



20 



25 



Coating solution #1 


Styrene acrylicc emulsion (1) 
Acetylenic Surfactant (2) 
Propylene glycol phenyl ether (3) 
Deionized Water 


49.0 Parts 
0.01 parts 
1.2 Parts 
49.0 Parts 



T00521 Coating solution #1 was coated onto uniaxially oriented co-polyester PET utilizing a #4 wire wound bar. The 
urface SSSS was approximately 0.6um. This coating was dried and then the PET film drawn in the transverse 
doctor! ^^a stretahing ratio of about 3.8 to produce a composite PET film with a surface coating th.ckness of about 
0.4um. Excellent embossing was received under the test conditions. 
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Example 5 
[0053] The 



base layer as shown in Example 4 was coated with the following surface layer: 



Coating solution #2 


Sulphopolyester dispersion (3) 
Sulphopolyester dispersion (4) 
Acetylenic surfactant (2) 
Deionized Water 


20 Parts above 
40 parts 
0.01 Parts 
40 Parts 



roo541 Coatino solution #2 was coated onto uniaxially oriented PET utilizing a #4 wire wound bar. This coating was 
End ^ PET Sm drawn in the transverse direction to produce a composite PET film with a surface coafng 
Sckness of about 0.4um. This coated PET film was then drawn in the transverse direction. Excellent emboss.ng was 
received under the test conditions. 

Reference Example 1 

[00551 A commercially available sample of AET s A-Boss. embossable polypropylene was embossed under the test 
conditions. The sample showed good embossing characteristics with low gra.n.ness. 

Comparative Example 2 

[0056] The coextruded copolyester base layer as described in Examples 4 and 5 was prepared without a surface 
Eg. The film was embossed under typical ebossing conditions illustrative for the other examples. The sample 
showed marginal embossing characteristics. 
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C mparativ Example 3 

[0057] A commercially available packaging grade of PET film was squired ^^^SSaSZS 
10 41 This film is manufactured with an acrylic coating on one side with a r vers face of co-extruded CHDM copol- 
yester .The! fester surface was emboss dund r the consitions described h re forth the other examples. The 
sample had marginal embossing characteristics. 



Sample 


Base Film Surface 


Coating 


Image Brightness 


Image Graininess 


Gloss Reading 


Example 1 


Low Roughness 


#1 


Excellent 


Excellent 


144 


Example 2 


Low Roughness 




Excellent 


Excellent 


142 


Example 3 


Low Roughness 


#3 


Excellent 


Excellent 


140 


Comparative 
Example 1 


nign Kougnness 


#4 

tr*t 


Excellent 


Marginal 


100 














Reference Example 
1 


Low Roughness 




Excellent 


Excellent 


142 


Example 4 


Low Roughness 


#1 


Excellent 


Excellent 


137 


Example 5 


Low Roughness 


#2 


Excellent 


Excellent 


135 


Comparative 
Example 2 


Low Roughness 


None 


Marginal 


Marginal 


132 


Comparative 
Example 3 


Low Roughness 


None 


Marginal 


Marginal 


130 



10 



15 



20 



25 



30 



Claims 



35 



45 



50 



55 



1. An embossable, coated polyethyleneterephthalate (PET) film comprising: 



a uniaxially oriented PET base film; and 
a coating applied to the PET base film, 

wherein the coating and the PET base film have as a composite been transversely stretched £K I coating 
resin impregnating a surface portion of the PET base film upon said transverse stretching, thereby rendenng the 
surface portion of the film susceptible to embossing. 

40 2. The film of Claim 1 . wherein the PET base film is co-extruded and forms at least two layers. 

3. The film of Claim 1 , wherein the PET film has a thickness of about 4.5 urn to about 60 urn. 

4. The film of Claim 1 . wherein the PET base film contains particles. 

5. The film of Claim 1 . wherein particles are selected from the group consisting of silica, alumina, calcium carbonate 
and mixtures thereof. 

6. The film of Claim 1 . wherein particles are present in the amount of about 0.005 wt% to about 0.6 wt%, based on 
the weight of the PET film. 

7. The film of Claim 1, wherein the PET base film is stretched in an amount of about 3.4 to about 5.4 times. 

8. The film of Claim 1 . wherein the coated PET film, as a composite, is stretched in an amount of about 3.3 to about 
4.6 times in the transverse direction. 

9. The film of Claim 1 . wherein the coating is formed from a material select d from th group consisting of a non- 
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crosslinked polystyrene-acrylic mulsion and non-crosslinked polyester dispersion. 

10. The film of Claim 1 . wherein the coating has a thickness of about 0.1 pm to about 0.4 pm. 

s 11. The film of Claim 2, wherein the co- xtruded lay rs comprise a polyester lay r and a co-poly ster lay r. 

12. The film of Claim 11. wherein the co-polyester layer is formed from isophthalic acid or a derivative of cyclohexane 
dimethanol. 

10 13. The film of Claim 1. wherein the co-polyester layer has a thickness between about 0.1 pm and 3.0 pm. 

14. The filmof Claim 1. wherein the co-polyester layer has an upper surface contacting the coating and has a roughness 
Ra < about 40 nm. 

is 15. A method of producing a coated, directly embossable polyethyleneterephthalate (PET) film according to at least 
one of claims 1 to 14 comprising: 

stretching a PET film to form a uniaxially oriented PET film; 

drying the uniaxially oriented PET film; B „i,. material- 
coating at least one surface of the uniaxially oriented PET film with an aqueous solut.cn of an organ.c matenal, 

Bering at least onesurfaceofaresulting coated uniaxially oriented PETfilmsusc^ 
by impregnation of the surface of the uniaxially oriented PET film with at least a port.cn of the coafing by 
transverse stretching the coated uniaxially oriented PET film. 

16. The method of Claim 15. wherein the PET base film is co-extruded and forms at least two layers. 

17. The method of Claim 1 5. wherein the PET film has a thickness of about 4.5 pm to about 60 pm. 
30 18. The method of Claim 15. wherein the PET film contains particles. 

19. The method of Claim 15. wherein particles are selected from the group consisting of silica, alumina, calcium car- 
bonate and mixtures thereof. 

35 20. The method of Claim 15, wherein particles are present in the amount of about 0.005 wt% to about 0.6 wt%, based 
on the weight of the PET film. 
21. The method of Claim 15. wherein the PET film is stretched in an amount of about 3.4 to about 5.4 times. 

40 22. The method of Claim 1 5. wherein the coated PET film is stretched in an amount of about 3.3 to about 4.6 times in 
the transverse direction. 

23 The method of Claim 15, wherein the coating is formed from a material selected from the group consisting of a 
non-crosslinked polystyrene-acrylic emulsion and non-crosslinked polyester dispersion. 

24. The method of Claim 1 5, wherein the coating has a thickness of about 0.1 pm to about 0.4 pm. 

25. The method of Claim 15, wherein the co-extruded layers comprise a polyester layer and a co-polyester layer. 

so 26. The method of Claim 15, wherein the co-polyester layer is formed from isophthalic acid or a derivative of cyclohex- 
ane dimethanol. 

27. The method of Claim 15, further comprising embossing selected surface portions of the PET film under pressure. 

55 28. The method of Claim 15. wherein the co-polyester layer has a thickness between about 0.1 pm and 3.0 pm. 

29. The method of Claim 28. wherein the co-polyester layer has an upper surfac contacting the coating and has a 
roughness Ra < about 40 nm. 
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30. A method f producing a directly embossabl substrate having low heat sealability using a polyethyieneter ph- 
thalat (PET) film according to at least one of claims 1 to 14 comprising: 

inline coating the uniaxially oriented PET film with about 0.1 urn to about 0.4 urn in thickness of a non- 
crosslinked poly-styrene-acrylic emulsion or non-crosslinked polyester dispersion; 
drying the coating; and 

transverse stretching the resulting coated film. 

31 . A use of directly embossable substrate as produced according to claim 30 for holographic use the film ^pr^uced 
by inline coating uniaxially oriented PET film, drying and then transverse stretching the coating and the film to 
produce a composite film. 
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